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DISPLAY ELEMENT, IMAGE DISPLAY
DEVICE, AND IMAGE DISPLAY SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a national stage filing of PCT/JP2008/
054442 filed on Mar. 5, 2008, claiming benefit of priority of
the Japanese Patent Application No. 2007-059114 filed on
Mar. 8, 2007 and benefit of prionity of the Japanese Patent
Application No. 2007-059115 filed on Mar. 8, 2007.

TECHNICAL FIELD

This disclosure relates to a display element, an 1mage dis-
play device, and an 1image display system.

BACKGROUND ART

An electrophoresis display 1s a non-emissive device based
on the electrophoresis phenomenon of charged pigment par-
ticles suspended in a solvent. The electrophoresis display
usually comprises two plates with electrodes placed opposing,
cach other, separated by using spacers. One of the electrodes
1s usually transparent. A suspension 1s enclosed between the
two plates. When a voltage difference 1s imposed between the
two electrodes, the pigment particles migrate to one side and
then either the color of the pigment or the color of the solvent
can be seen according to the polarity of the voltage difference.

PCT International Publication No. W(O/2001/067170 dis-
closes an electrophoresis display that includes plural cup-like
indentations (cells) created by microembossing or imagewise
exposure. The cells are filled with dispersions, which are
charged pigment particles, in a dielectric solvent or solvent
mixture. A polymer sealing film for sealing the cells filled
with the dispersions i1s formed by curing a sealing composi-
tion on top of the dispersions, which sealing composition has
a specific gravity lower than the dispersions and is at least
partially immaiscible with the dispersions.

A problem with this electrophoresis display 1s that, because
microembossing or imagewise exposure 1s used for creating,
the cells, 1t 1s difficult to reduce the thickness of the cell wall
separating the adjacent cells. The thickness of the cell wall
alfects display properties. The thicker the cell wall, the
smaller the display area, resulting in reduced display proper-
ties such as lower reflectance and contrast.

The use of microembossing or 1magewise exposure for
creating the cells also makes it difficult to reduce the thick-
ness of bottom walls of the cells. In the case of microemboss-
ing, the cells are formed by embossing a film with amold and
transierring the shape of the mold. The lower limit of the film
thickness with this technique 1s about 100 um. Accordingly, 1t
1s difficult to create cells with a bottom wall thickness of 10
um or less. In the case of 1magewise exposure, the cells are
formed 1n a resist layer deposited on a film, by which film the
bottom wall thickness of the cells 1s defined. With this tech-
nique, 1t 1s difficult to handle a film with a thickness of 10 um
or less. Accordingly, 1t 1s difficult to create cells with a bottom
wall thickness of 10 um or less. It 1s therefore impossible to
reduce a drive voltage required for driving the charged pig-
ment particles filling the cells. In the case where the bottom
walls of the cells are used as a display surface, the retlectance
1s low.

Furthermore, 11 the thickness of the cell wall separating the
adjacent cells and the thickness of the bottom walls of the
cells are reduced, the strength against warping and bending 1s
reduced.
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It 1s necessary to seal the cells filled with charged pigment
particles with the polymer sealing film 1n order to prevent the

dielectric solvent from being dried. The greater the thickness
of the polymer sealing film, the lower the retlectance, result-
ing in requiring high drive voltage.

BRIEF SUMMARY

In an aspect of this disclosure, there are provided a display
clement having high reflectance, an 1mage display device
having the display element, and the image display system
having the image display device.

In an aspect of this disclosure, there 1s provided a display
clement that includes a hollow structure including plural cells
disposed 1n a plane, each having an opening 1n a first wall of
the hollow structure, and a partition wall separating the adja-
cent cells. A solvent having one or more types of white par-
ticles and/or colored particles dispersed therein 1s disposed in
the cells. The opemings are sealed with a resin insoluble 1n the
solvent. A thickness of the partition wall separating the adja-
cent cells 15 0.01 um or greater but not greater than 10 um.
With this configuration, the display element can provide
increased reflectance and improved contrast.

In another aspect, there 1s provided a display element that
includes a hollow structure including plural cells disposed 1n
a plane, each having an opening 1n a first wall of the hollow
structure, and a partition wall separating the adjacent cells. A
solvent having one or more types of white particles and/or
colored particles dispersed therein 1s disposed 1n the cells.
The openings are sealed with a resin insoluble in the solvent.
A thickness of the first wall and a second wall, opposite to the
first wall, 1s 0.01 um or greater but not greater than 10 um.
With this configuration, the display element can provide
increased retlectance and allow reduction of the required
drive voltage.

In another aspect, there 1s provided a display element that
includes a hollow structure including plural cells disposed 1n
a plane, each having an opening 1n a first wall of the hollow
structure, and a partition wall separating the adjacent cells. A
solvent having one or more types of white particles and/or
colored particles dispersed therein 1s disposed 1n the cells.
The openings are sealed with a resin msoluble 1n the solvent.
A first joint portion of the first wall with the partition wall and
a second jo1int portion of a second wall, opposite to the first
wall, with the partition wall have curved cross-sectional
shapes, a curvature radius of each of which 1s 0.1 um or
greater but not greater than 50 um. With this configuration,
the display element can provide increased reflectance and
enhanced strength against warping and bending.

In another aspect, there 1s provided a display element that
includes a hollow structure including plural cells disposed 1n
a plane, each having an opening 1n a first wall of the hollow
structure, and a partition wall separating the adjacent cells. A
solvent having one or more types of white particles and/or
colored partlcles dispersed therein 1s disposed 1n the cells.
The openmgs are sealed with a resin insoluble 1n the solvent.
The resin 1s a film, a thickness of which 1s 0.1 um or greater
but not greater than 10 um. With this configuration, the dis-
play element can provide increased retlectance and allow
reduction of the required drive voltage.

In another aspect, there 1s provided an 1image display device
that includes one of the above-described display elements and
a unit that applies a voltage to the display element. With this
configuration, the image display device can provide improved
display properties or enhanced durabaility.

In another aspect, there 1s provided an image display sys-
tem that includes the above-described image display device.
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With this configuration, the image display system can provide
improved display properties or enhanced durability.

Accordingly, 1t 1s possible to provide a display element
having increased retlectance, an image display device having
the display element, and an 1image display system having the
image display device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1illustrating an example of a hollow
structure that may be used 1n a first embodiment of the present
imnvention;

FI1G. 2 1s a pair of views illustrating the hollow structure of
FIG. 1, the upper view being a plan view and the lower view
being a cross-sectional view;

FI1G. 3 1s a diagram illustrating another example of a hollow
structure that may be used 1n the first embodiment of the
present invention;

FI1G. 4 15 a pair of views illustrating the hollow structure of
FIG. 3, the upper view being a plan view and the lower view
being a cross-sectional view;

FIG. 5 1s a group of views illustrating an example of a
hollow structure that may be used 1n a second embodiment of
the present invention, the upper view being a plan view, the
middle view being a cross-sectional view, and the lower view
being a bottom view;

FIG. 6 1s a group of views 1llustrating another example of a
hollow structure that may be used 1n the second embodiment
of the present invention, the upper view being a plan view, the
middle view being a cross-sectional view, and the lower view
being a bottom view;

FIGS. TA-7D are diagrams illustrating an example of a
manufacturing method of a hollow structure that may be used
in the first and second embodiments of the present invention;

FIGS. 8A and 8B are diagrams each illustrating a substrate
used by the hollow structure manufacturing method of FIGS.
TA-TD;

FIG. 9 1s a cut-away side view showing an image display
device of Example 1;

FIG. 10 1s a cut-away side view showing an 1image display
device of Example 2;

FIG. 11 1s a cut-away side view showing an image display
device of Example 3;

FI1G. 12 1s a cut-away side view showing an image display
device of Example 4;

FIGS. 13A-13D are diagrams 1llustrating an example of a
manufacturing method of a hollow structure that may be used
in a third embodiment of the present invention;

FIGS. 14A and 14B are diagrams each 1llustrating a sub-
strate used by the hollow structure manufacturing method of
FIGS. 13A-13D;

FIGS. 15A and 15B are diagrams each 1llustrating an inter-
mediate produced by the hollow structure manufacturing
method of FIGS. 13A-13D;

FIGS.16A and 16B are diagrams each illustrating a hollow
structure produced by the hollow structure manufacturing
method of FIGS. 13A-13D;

FIG. 17 1s a cut-away side view showing an intermediate
produced according to an embodiment of the present inven-
tion;

FIGS. 18A-18C are diagrams illustrating a method of
manufacturing a hollow structure of Example 5;

FIGS. 19A and 19B are diagrams illustrating a method of
manufacturing a hollow structure composite of Example 5;

FIGS. 20A and 20B are diagrams illustrating a method of
manufacturing a hollow structure composite of Example 7/;
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FIGS. 21A and 21B are diagrams 1llustrating a method of
manufacturing a hollow structure composite of Example 8;

FIGS. 22A and 22B are diagrams illustrating a method of
manufacturing a display element of Example 9;

FIG. 23 15 a cut-away side view showing an image display
device of Example 10;

FIGS. 24A thorough 24C are diagrams illustrating a
method of manufacturing a display element of Example 12;
and

FIG. 25 15 a cut-away side view showing an image display
device of Example 13.

BEST MODE FOR CARRYING OUT TH
INVENTION

(L.

Preferred embodiments of the present invention are
described below with reference to accompanying drawings.

According to a first embodiment of the present invention, a
display element comprises a hollow structure. The hollow
structure 1ncludes plural cells disposed 1n a plane, each hav-
ing an opening in a first wall of the hollow structure; and a
partition wall separating the adjacent cells. A solvent having
one or more types of white particles and/or colored particles
dispersed therein 1s disposed 1n the cells. The openings are
sealed with a resin insoluble 1n the solvent. The display ele-
ment of the first embodiment has at least one of the following
characteristics (1)-(4).

(1) The thickness of the partition wall (hereinafter referred
to also as a cell wall) separating the adjacent cells 1s 1n the
range of 0.01-10 um, and preferably 1n the range of 0.05-5
L.
(2) The thickness of each of the first wall and a second wall,
opposite to the first wall, of the hollow structure 1s 1n the range
01 0.01-10 um, and preferably 1n the range of 0.03-5 um.

(3) A firstjoint portion of the first wall with the cell wall and
a second joint portion of the second wall with the cell wall
have curved cross-sectional shapes, a curvature radius of each
of which 1s 1n the range of 0.1-50 um, and preferably in the
range of 1-10 um.

(4) The resin with which the openings are sealed 1s a film,
the thickness of which 1s 1n the range of 0.1-10 um, and
preferably in the range of 0.5-5 um.

The thicknesses and curvature radu1 are average values,
cach obtained by measuring ten or more arbitrary portions.
The measurement can be done by scanning the cross section
of the display element or the hollow structure using a scan-
ning electron microscope or other suitable device.

FIG. 1 1llustrates a hollow structure 10 that may be used 1n
the first embodiment of the present imnvention. The hollow
structure 10 includes plural square-prism-shaped cells 11
disposed 1n a plane. The adjacent cells 11 are separated from
cach other by a cell wall 12. As shown 1n FIG. 2, each cell 11
has an opening 14 1n an upper wall 13 of the hollow structure
10. A joint portion 16a of the upper wall 13 with the cell wall
12 and a joint portion 165 of a lower wall 15 with the cell wall
12 have curved cross-sectional shapes. It 1s to be noted that, 1n
the case where the joint portion 16a has a curved cross-
sectional shape, the cell wall 12 defines the area excluding the
curved region, 1.€., the region below the curved region, while
the upper wall 13 defines the region above the cell wall 12.
Further, 1n the case where the joint portion 165 has a curved
cross-sectional shape, the cell wall 12 defines the region
excluding the curved region, 1.e., the region above the curved
region, while the lower wall 15 defines the region below the
cell wall 12.

FIG. 3 illustrates another hollow structure 20 according to
the first embodiment of the present mvention. The hollow




US 7,936,498 B2

S

structure 20 includes plural hexagonal-prism-shaped cells 21
disposed 1n a plane. The adjacent cells 21 are separated from
cach other by a cell wall 22. As shown 1n FIG. 4, each cell 21
has an opening 24 1n an upper wall 23 of the hollow structure
20. A joint portion 264 of the upper wall 23 with the cell wall
22 and a joint portion 265 of a lower wall 25 with the cell wall
22 have curved cross-sectional shapes.

A hollow structure that may be used 1n the first embodi-
ment of the present invention 1s not limited to the hollow
structure 10 of FIG. 1 and the hollow structure 20 of FIG. 3.
For example, the cells may be of different sizes. Further, the
joint portions may not have curved cross-sectional shapes.

A display element having the characteristic (1) 1s described
below with reference to the hollow structure 20 (a sheet
having a honeycomb structure) ol FIG. 3. The thickness of the
cell wall 22 of the hollow structure 20 1s 1n the range of
0.01-10 um, and preferably 1n the range of 0.03-5 um. With
this configuration, the display element including the hollow
structure 20 can provide improved display properties. This 1s
because reducing the thickness of the cell wall 22, which does
not have a display function, improves reflectance and con-
trast. If the thickness of the cell wall 22 1s less than 0.01 um,
the strength of the hollow structure 20 1s reduced. If the
thickness of the cell wall 22 1s greater than 10 um, the prop-
erties of the display element are reduced 1n terms of retlec-
tance and contrast.

A display element having the characteristic (2) 1s described
below with reference to the hollow structure 20 (a sheet
having a honeycomb structure) of FIG. 3. The thickness of
cach of the upper wall 23 and the lower wall 25 of the hollow
structure 1s 1n the range of 0.01-10 um, and preferably 1n the
range of 0.05-5 um. With this configuration, the display ele-
ment including the hollow structure 20 can provide improved
display properties. The upper wall 23 and the lower wall 235
with such reduced thicknesses provide advantageous effects
in terms of reflectance and drive voltage. It the thickness of
the upper wall 23 and the lower wall 25 1s less than 0.01 um,
the strength of the hollow structure 20 1s reduced. If the
thickness 1s greater than 10 um, the properties of the display
clement are reduced 1n terms of reflectance and drive voltage.

A display element having the characteristic (3) 1s described
below with reference to the hollow structure 20 (a sheet
having a honeycomb structure) of FIG. 3. In the hollow struc-
ture 20, the joint portion 264 and the joint portion 265 have
curved cross-sectional shapes, a curvature radius of each of
which 1s 1n the range 01 0.1-50 um, and preferably in the range
of 1-10 um. With this configuration, the display element
including the hollow structure 20 can provide improved dis-
play properties and strength. Thus, the display element can
exhibit suificient strength even when bent for use. That 1s, the
provision of the joint portions 26a and 265 having a greater
thickness than the cell wall 22 can improve the strength of the
display element. If the curvature radius 1s less than 0.1 um, the
strength of the display element 1s suificient to tolerate being
slightly bent, but not suificient to tolerate being rolled up. It
the curvature radius 1s greater than 50 um, the display prop-
erties are reduced, especially 1n terms of reflectance.

A display element having the characteristic (4) 1s described
below with reference to the hollow structure 20 (a sheet
having a honeycomb structure) of FIG. 3. In the hollow struc-
ture 20, a solvent having one or more types of white particles/
colored particles dispersed therein 1s disposed 1n the cells 21.
The openings 24 of the cells 21 are sealed with a resin
insoluble in the solvent. The resin with which the openings 24
are sealed 1s a film, the thickness of which 1s 1n the range of
0.1-10 um, and pretferably in the range o1 0.5-5 um. With this
configuration, the display element including the hollow struc-
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ture 20 can provide improved display properties and strength.
The resin film with such a reduced thickness provides advan-
tageous elflects 1n terms of reflectance and drive voltage. If the
f1lm thickness 1s less than 0.1 um, the strength of the hollow
structure 20 1s reduced. It the film thickness 1s greater than 10
um, the properties of the display element are reduced 1n terms
of retlectance and drive voltage.

According to a second embodiment of the present mven-
tion, a display element comprises a hollow structure. The
hollow structure includes plural cells disposed 1n a plane,
cach having a first opening and a second opening respectively
in a first wall and a second wall, opposite to the first wall, of
the hollow structure; and a partition wall separating the adja-
cent cells. A solvent having one or more types of white par-
ticles and/or colored particles dispersed therein 1s disposed in
the cells. The first openings 1n the first wall are sealed with a
resin 1nsoluble 1n the solvent. The display element of the

second embodiment has at least one of the following charac-
teristics (S5)-(8).

(5) The thickness of the partition wall (cell wall) separating,
the adjacent cells 1s in the range 01 0.01-10 um, and preferably
in the range of 0.05-5 um.

(6) The thickness of each of the first wall and the second
wall of the hollow structure 1s 1n the range 01 0.01-10 um, and
preferably in the range of 0.05-5 um.

(7) A first joint portion of the first wall with the cell wall and
a second joint portion of the second wall with the cell wall
have curved cross-sectional shapes, a curvature radius of each
of which 1s 1n the range of 0.1-50 um, and preferably in the
range of 1-10 um.

(8) The resin with which the first openings are sealed 1s a
{1lm, the thickness of which 1s 1n the range 01 0.1-10 um, and
preferably 1n the range of 0.3-5 um.

FIG. 5 1llustrates a hollow structure 30 that may be used 1n
the second embodiment of the present invention. The hollow
structure 30 includes plural square-prism-shaped cells 31
disposed 1n a plane. The adjacent cells 31 are separated from
cach other by a cell wall 32. Each cell 31 has an opening 34a
and an opening 345 1n an upper wall 33 and a lower wall 35,
respectively, of the hollow structure 30. A joint portion 36a of
the upper wall 33 with the cell wall 32 and a joint portion 3656
of the lower wall 35 with the cell wall 32 have curved cross-
sectional shapes. It 1s to be noted that, in the case where the
joint portion 364 has a curved cross-sectional shape, the cell
wall 32 defines the area excluding the curved region, 1.¢., the
region below the curved region, while the upper wall 33
defines the region above the cell wall 32. Further, 1n the case
where the joint portion 366 has a curved cross-sectional
shape, the cell wall 32 defines the region above the curved
region, while the lower wall 35 defines the region below the
cell wall 32.

FIG. 6 illustrates another hollow structure 40 that may be
used in the second embodiment of the present invention. The
hollow structure 40 includes plural hexagonal-prism-shaped
cells 41 disposed 1n a plane. The adjacent cells 41 are sepa-
rated from each other by a cell wall 42. Each cell 41 has an
opening 44a and an opening 445 1n an upper wall 43 and a
lower wall 45, respectively, of the hollow structure 40. A joint
portion 46a of the upper wall 43 with the cell wall 42 and a
joint portion 465 of the lower wall 45 with the cell wall 42
have curved cross-sectional shapes.

A hollow structure that may be used in the second embodi-
ment of the present ivention 1s not limited to the hollow
structure 30 of FIG. 5 and the hollow structure 40 of FIG. 6.
For example, the cells may be of different sizes. Further, the
joint portions may not have curved cross-sectional shapes.
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A display element having the characteristic (5) 1s described
below with reference to the hollow structure 40 (a sheet
having a honeycomb structure) of FIG. 6. The thickness of the
cell wall 42 of the hollow structure 40 1s 1n the range of
0.01-10 um, and preferably 1n the range of 0.05-5 um. With
this configuration, the display element including the hollow
structure 40 can provide improved display properties. This 1s
because reducing the thickness of the cell wall 42, which does
not have a display function, improves reflectance and con-
trast. If the thickness of the cell wall 42 1s less than 0.01 um,
the strength of the hollow structure 40 1s reduced. If the
thickness of the cell wall 22 1s greater than 10 um, the prop-
erties of the display element are reduced in terms of retlec-
tance and contrast.

A display element having the characteristic (6) 1s described
below with reference to the hollow structure 40 (a sheet
having a honeycomb structure) of FIG. 6. The thickness of
cach of the upper wall 43 and the lower wall 45 of the hollow
structure 40 1s 1n the range of 0.01-10 um, and preferably 1n
the range of 0.05-5 um. With this configuration, the display
clement including the hollow structure 40 can provide
improved display properties. The upper wall 43 and the lower
wall 45 with such reduced thicknesses provide advantageous
elfects 1 terms of reflectance and drive voltage. It the thick-
ness ol the upper wall 43 and the lower wall 435 1s less than
0.01 um, the strength of the hollow structure 40 1s reduced. If
the thickness 1s greater than 10 um, the properties of the
display element are reduced in terms of reflectance and drive
voltage.

A display element having the characteristic (7) 1s described
below with reference to the hollow structure 40 (a sheet
having a honeycomb structure) of FIG. 6. In the hollow struc-
ture 40, the joint portion 46a and the joint portion 465 have
curved cross-sectional shapes, a curvature radius of each of
which 1s 1n the range 01 0.1-50 um, and preferably in the range
of 1-10 um. With this configuration, the display element
including the hollow structure 40 can provide improved dis-
play properties and strength. Thus, the display element can
exhibit sutficient strength even when bent for use. That 1s, the
provision of the joint portions 46a and 465 having a greater
thickness than the cell wall 42 can improve the strength of the
display element. If the curvature radius 1s less than 0.1 um, the
strength of the display element 1s suilicient to tolerate being
slightly bent, but not sufficient to tolerate being rolled up. It
the curvature radius 1s greater than 50 um, the display prop-
erties are reduced, especially 1n terms of reflectance.

A display element having the characteristic (8) 1s described
below with reference to the hollow structure 40 (a sheet
having a honeycomb structure) of FIG. 6. In the hollow struc-
ture 40, a solvent having one or more types of white particles/
colored particles dispersed therein 1s disposed 1n the cells 41.
The openings 44a and 445 of the cells 41 are sealed with a
resin msoluble 1n the solvent. The resin with which the open-
ings 44a and 445H are sealed 1s a film, the thickness of which
1s 1n the range of 0.1-10 um, and preferably 1n the range of
0.5-5 um. With this configuration, the display element includ-
ing the hollow structure 40 can provide improved display
properties and strength. The resin film with such a reduced
thickness provides advantageous effects 1n terms of reflec-
tance and drive voltage. If the film thickness 1s less than 0.1
um, the strength of the hollow structure 40 1s reduced. If the
film thickness 1s greater than 10 um, the properties of the
display element are reduced in terms of reflectance and drive
voltage.

According to an embodiment of the present invention, 1n
order to improve the strength of the hollow structure against
warping and bending, the hollow structure 1s preferably made
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ol a material obtained by dryving a plastic material. The plastic
matenal preferably contains, but not necessarily, a water-
soluble resin 1 order to improve the solvent resistance of the
hollow structure. Examples of a water-soluble resin include
polyvinyl alcohol, polyvinylpyrrolidone, polyurethane, pul-
lulan, albumin, CMC, polyacrylic acid, cellulose, starch,
gelatine, alginate, guar gum, gum Arabic, carrageenan, traga-
canth, pectin, dextrin, casein, collagen, polyvinyl methyl
cther, carboxy vinyl polymer, sodium polyacrylate, polyeth-
ylene glycol, ethylene oxide, agar, locust bean gum, xanthan
ogum, cyclodextrin, tannic acid, karaya gum, gellan gum, fur-
celleran, tragacanth gum, lecithin, chitin, chitosan, chon-
droitin sulfate sodium, lignin sulfonic acid, methylcellulose,
hydroxythyl methyl cellulose, polyacrylamide, polyethylen-
imine, dimethylaminoethyl polyacrylate, dimethylaminoet-
hyl polymethacrylate, polyethylene oxide, and polyally-
lamine. A mixture of two or more of these materials may be
used. The term “water-soluble resin™ as used herein refers to
a resin soluble or swellable 1n water.

According to an embodiment of the present invention, the
hollow structure 1s preferably made of a maternial obtained by
curing a plastic material by ultraviolet irradiation 1n order to
improve the strength of the hollow structure against warping
and bending. The plastic material preferably contains an
ultraviolet curing resin such as an urethane acrylic resin, an
epoxy acrylic resin, and an alkoxy acrylic resin.

According to an embodiment of the present invention, the
one or more types of white particles dispersed in the solvent
may include, but 1s not limited to, inorganic particles such as
titanium oxide and alumina and organic particles such as
polyvinyl naphthalene. The one or more types of colored
particles dispersed in the solvent may include carbon black,
azoic pigment, phthalocyanine based pigment, quinacridone
based pigment, anthraquinone based pigment, dioxazine
based pigment, and dyeing lake pigment. The solvent may
include silicone o1l and 1soparailinic hydrocarbon.

FIGS. 7TA-7D illustrate an example of a method of manu-
facturing a hollow structure 53 that may be used in the first
and second embodiments of the present invention. To manu-
facture the hollow structure 53, a substrate 51 1s used that
includes plural independent cavities 51a each having a nar-
row opening 315 (see FIG. 7A). First, a plastic film 52 1s
formed on the substrate 51 using a slit coater or other suitable
device (see FIG. 7B). A ventilation space may be provided at
the side of the plastic film 52 so as to dry the plastic film 52.
Then, the substrate 51 with the plastic film 52 formed thereon
1s placed 1n a vacuum chamber or the like. The pressure 1s
reduced at least at the side of the plastic film 352 to cause the
air 1n the cavities 51a to expand. Since the cavities 51q are
sealed with the plastic film 52, the plastic film 52 1s deformed
(stretched) due to the expansion of the air, so that the hollow
structure 33 1s formed on the substrate 51 (see FIG. 7C).
Finally, the hollow structure 53 1s separated from the substrate
51, so that the hollow structure 53 with openings 1n the upper
wall 1s obtained (see FIG. 7D). IT the cavities 51a of the
substrate 51 are arranged 1n a tetragonal lattice (see F1G. 8A),
the hollow structure 33 1s obtained that includes square-
prism-shaped cells arranged 1n a tetragonal lattice (see FIGS.
1 and 2). IT the cavities 51a of the substrate 51 are arranged 1n
a hexagonal close-packed lattice (see FIG. 8B), the hollow
structure 53 1s obtamned that includes hexagonal-prism-
shaped cells arranged 1n a hexagonal close-packed lattice (see
FIGS. 3 and 4).

A depth d of the cells of the hollow structure 53 may be
properly controlled by the vacuum level of the reduced pres-
sure. Specifically, when 1n a high vacuum, the expansion of
the air 1nside the cavities S1a 1s large, so that the depth d 1s
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great. When 1n a low vacuum, the expansion of the air inside
the cavities 51qa 1s small, so that the depth d 1s small. In the
case where the vacuum level 1s turther increased to increase

the expansion of the air inside the cavities 51a, ceiling por-
tions 53a of the hollow structure 53 become thinner, eventu-

ally forming openings 1n the ceiling portions 53a. Thus, the
hollow structure 53 with openings 1n the upper and lower
walls 1s obtained (see FIGS. 5 and 6).

Examples of the substrate 51 may include a nickel sub-
strate, a silicon substrate, a glass substrate with a resist pattern
thereon, a copper clad board (copper/polyimide laminate sub-
strate), an etched glass substrate, and aresin substrate made of
polyimide, PTE, or acrylic resin. The cavities 51a of the
substrate 31 are preferably subjected to hydrophobic treat-
ment.

The thicknesses of the cell wall, the upper wall, and the
lower wall, and the curvature radi1 of curved cross-sectional

shapes of the joint portions of the upper and lower walls with
the cell wall of the hollow structure 53 can be controlled by
the thickness and the material of the plastic film 52 and the
reduced pressure condition (pressure level). The thinner the

plastic film 52, the lower the thickness of the walls, and the
lower the curvature radius of the joint portions. The lower the
pressure, the greater the thickness of the walls, and the lower
the curvature radius of the joint portions. The lower the vis-
cosity of the plastic film 52, the lower the thickness of the
walls, and the lower the curvature radius of the joint portions.

The cell wall, the upper wall, and the lower wall of the
hollow structure 53 are formed utilizing the surface tension of
the plastic material. That 1s, it 1s possible to reduce the thick-
ness of the walls of the hollow structure 33 compared to a
hollow structure formed by microembossing or imagewise
exposure. It 1s difficult to achieve the shape of the hollow
structure 53 by using microembossing or 1mMagewise expo-
sure.

An 1mage display device according to an embodiment of
the present invention may include a display unit, the display
unit including one of the display elements of the first and
second embodiments and a drive element for applying a volt-
age to the display element. An 1image display system accord-
ing to an embodiment of the present invention includes sys-
tems using the above-described image display device, such as
an electronic book, an advertisement display system, a time-
table system, and recycled paper.

EXAMPLES
Hollow Structure Manufacture Example 1

A hollow structure 53 was manufactured using the hollow
structure manufacturing method of FIGS. 7A-7D. First, as a
plastic material, a polyurethane aqueous solution Hydran
WLS-201 (Daimnippon Ink and Chemicals, Inc.) was applied
onto a substrate 51 using a slit coater to form a plastic film 52.
Then the substrate 51 with the plastic film 52 formed thereon
was placed in a vacuum chamber, and the pressure in the
vacuum chamber was reduced to expand the air inside the
cavities. The residual moisture 1n polyurethane was evapo-
rated 1n a vacuum to completely dry and cure the plastic film
52. When the vacuum level of the reduced pressure was set to
1 kPa or lower, openings were formed 1n ceiling portions 53a
of the hollow structure 53.

In this way, the hollow structure 53 was obtained in which
the cell wall has a thickness in the range from 1 to 10 um; the
upper and lower walls have a thicknesses 1n the range from 1
to 10 um; and joint portions of the upper and lower walls with
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the cell wall have curved cross-sectional shapes each having
a curvature radius in the range from 35 to 50 um.

Hollow Structure Manufacture Example 2

A hollow structure 53 was manufactured using the hollow
structure manufacturing method of FIGS. 7A-7D. First, as a

plastic material, an aqueous solution containing 5-30 wt % of
gelatin MC-243 (Jellice Co., Ltd.) was applied onto a sub-
strate 51 using a slit coater to form a plastic film 52. Then, the
substrate 531 with the plastic film 52 formed thereon was
placed 1n a vacuum chamber, and the pressure in the vacuum
chamber was reduced to expand the air inside the cavities.
The residual moisture in gelatin was evaporated 1n a vacuum
to completely dry and cure the plastic film 52. Formation of
openings in the ceiling portions 53a of the hollow structure 53
depends on the gelatin concentration and the vacuum level of
the reduced pressure. ITthe gelatin concentration 1s low, open-
ings are formed even when the vacuum level of the reduced
pressure 1s low. If the gelatin concentration 1s high, openings
are formed when the vacuum level of the reduced pressure 1s
high.

In this way, the hollow structure 33 was obtained in which
the cell wall has a thickness in the range from 0.01 to 5 um; the
upper and lower walls have a thicknesses in the range from
0.01 to 2 um; and joint portions of the upper and lower walls
with the cell wall have curved cross-sectional shapes each
having a curvature radius 1n the range from 0.1 to 20 um.

Hollow Structure Manufacture Example 3

A hollow structure 53 was manufactured using the hollow
structure manufacturing method of FIGS. 7A-7D. First, as a
plastic material, an aqueous solution containing 5-30 wt % of
POVAL (Polyvinyl Alcohol) PVA117 (KURARAY Co., Ltd.)
was applied onto a substrate 51 using a slit coater to form a
plastic film 352. Then, the substrate 51 with the plastic film 52
formed thereon was placed 1n a vacuum chamber, and the
pressure 1n the vacuum chamber was reduced to expand the
air mside the cavities. The residual moisture i polyvinyl
alcohol was evaporated 1n a vacuum to completely dry and
cure the plastic film 52. Formation of openings 1n the ceiling
portions 53a of the hollow structure 33 depends on the con-
centration of polyvinyl alcohol and the vacuum level of the
reduced pressure. I the concentration of polyvinyl alcohol 1s
low, openings are formed even when the vacuum level of the
reduced pressure 1s low. If the concentration of polyvinyl
alcohol 1s high, openings are formed when the vacuum level
of the reduced pressure 1s high.

In this way, the hollow structure 33 was obtained 1n which
the cell wall has a thickness in the range from 3 to 10 um; the
upper and lower walls have a thicknesses 1n the range from 1
to 10 um; and joint portions of the upper and lower walls with
the cell wall have curved cross-sectional shapes each having
a curvature radius in the range from 10 to 50 um.

Hollow Structure Manufacture Example 4

A hollow structure 53 was manufactured using the hollow
structure manufacturing method of FIGS. 7TA-7D. First, a
fluorochemical surfactant Novec FC-4430 (3M Company)
was added to an alkoxy acrylate PEG 400DA (Diacel-Cytec
Company Ltd.) for reducing the surface tension of the alkoxy
acrylate, thereby preparing a plastic maternial. Then, a solution
containing the plastic material was applied onto a substrate 51
to form a plastic film 52. Then, the substrate 51 with the
plastic film 52 formed thereon was placed 1n a vacuum cham-
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ber, and the pressure 1n the vacuum chamber was reduced to
expand the air inside the cavities. When the vacuum level
reached 50 kPa, ultraviolet rays were 1rradiated to cure the
alkoxy acrylate.

In this way, the hollow structure 53 was obtained 1n which
the cell wall has a thickness in the range from 0.01 to 3 um; the
upper and lower walls have a thicknesses 1n the range from
0.01 to 1 um; and joint portions of the upper and lower walls

with the cell wall have curved cross-sectional shapes each
having a curvature radius 1n the range from 0.1 to 5 um.

Hollow Structure Manufacture Example 5

A hollow structure 53 was manufactured using the hollow
structure manufacturing method of FIGS. 7TA-7D. First, a
fluorochemical surfactant Novec FC-4430 (3M Company)
was added to an epoxy acrylate AQ9 (Arakawa Chemical
Industries, Ltd.) for reducing the surface tension of the epoxy
acrylate, thereby preparing a plastic material. Then, a solution
containing the plastic material was applied onto a substrate 51
to form a plastic film 52. Then, the substrate 51 with the
plastic film 52 formed thereon was placed 1n a vacuum cham-
ber, and the pressure 1n the vacuum chamber was reduced to
expand the air inside the cavities. When the vacuum level
reached 50 kPa, ultraviolet rays were 1rradiated to cure the
epoxy acrylate.

In this way, the hollow structure 53 was obtained in which
the cell wall has a thickness in the range from 0.01 to 5 um; the
upper and lower walls have a thicknesses in the range from
0.01 to 1 um; and joint portions of the upper and lower walls
with the cell wall have curved cross-sectional shapes each
having a curvature radius 1n the range from 0.1 to 5 um.
(Manufacture of Electrophoresis Liquid)

Titanium oxide R-960 (Dupont) having a graft-polymer-
1zed surface with lauryl methacrylate was used as white par-
ticles. Carbon black PRINTEX A (Degussa) of which surface
was graft-polymerized with 2-ethylhexyl methacrylate was
used as colored particles. Then, the white particles and col-
ored particles were dispersed 1n an 1soparaifinic hydrocarbon
Isopar G (Exxon Mobil Corporation) using a dispersant Span
85 (Imperal Chemical Industries) and a charge control agent
Solsperse 17000 (Avecia) to prepare an electrophoresis lig-
uid. The composition of the electrophoresis liquid was 40 wt
% of the white particles, 2 wt % of the colored particles, 0.5
wt % of Span 83, 0.5 wt % of Solsperse 17000, and 57 wt %

of Isopar G.

Example 1

An mmage display device 60 shown 1in FIG. 9 was manu-
factured. A hollow structure used was one of the hollow
structures 53 (see FIGS. 3 and 4) of Manufacture Examples
1-5, which includes plural cells disposed 1n a plane. Each of
the cells has an opening. In the hollow structure 53, the
thickness of the cell wall was 2 um; the thickness of each of
the upper and lower walls was 1 um; the depth of each cell was
50 um; the cell-to-cell pitch was 150 um; and joint portions of
the upper and lower walls with the cell wall had curved
cross-sectional shapes of a 5 um curvature radius.

In the image display device 60, the lower wall of the hollow
structure 53 1s bonded by an adhesive layer 63a to a PET film
62 with an ITO layer 61 formed thereon. An ultraviolet curing
adhesive, an epoxy-based adhesive, or other suitable adhe-
stves may be used for bonding. This structure can be obtained
by bonding the PET film 62 with the ITO layer 61 formed
thereon onto the hollow structure 33 (see FIG. 7C) and then
separating the hollow structure 53 from the substrate 31.
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The cells of the hollow structure 33 are filled with an
clectrophoresis liquid 64, and the openings of the cells are
sealed. The openings may be sealed with a water-soluble resin
which 1s 1nsoluble 1n the electrophoresis liquid 64, such as
polyurethane, gelatin, and polyvinyl alcohol. More specifi-
cally, an aqueous solution containing a water-soluble resin

was applied onto the electrophoresis liquid 64 using a slit
coater and was dried to form a sealing film 65 of 5 um
thickness.

The sealing film 65 1s bonded to a voltage drive circuit 66
by an adhesive layer 63b. An ultraviolet curing adhesive, an
epoxy-based adhesive, or other suitable adhesives may be
used for bonding. The thinner the sealing film 63, the smaller
the voltage loss, allowing driving with reduced voltage.

Example 2

An 1mage display device 70 shown 1n FIG. 10 was manu-
factured. A hollow structure used was one of the hollow
structures 53 (see FIGS. 3 and 4) of Manufacture Examples
1-5, which includes plural cells disposed 1n a plane. Each of
the cells has an opeming. In the hollow structure 53, the
thickness of the cell wall was 2 um; the thickness of each of
the upper and lower walls was 1 um; the depth of each cell was
50 um; the cell-to-cell pitch was 150 um; and joint portions of
the upper and lower walls with the cell wall had curved
cross-sectional shapes of a 5 um curvature radius.

In the image display device 70, the lower wall of the hollow
structure 53 1s bonded by an adhesive layer 63a to a voltage
drive circuit 66. An ultraviolet curing adhesive, an epoxy-
based adhesive, or other suitable adhesives may be used for
bonding. This structure can be obtained by bonding the volt-
age drive circuit 66 onto the hollow structure 53 (see FI1G. 7C)
and then separating the hollow structure 53 from the substrate
51.

The cells of the hollow structure 33 are filled with an
clectrophoresis liquid 64, and the openings of the cells are
sealed. The openings may be sealed with a water-soluble resin
which 1s 1nsoluble 1n the electrophoresis liquid 64, such as
polyurethane, gelatin, and polyvinyl alcohol. More specifi-
cally, an aqueous solution containing a water-soluble resin
was applied onto the electrophoresis liquid 64 using a slit
coater and was dried to form a sealing film 65 of a 5 um
thickness.

The sealing film 65 1s bonded by an adhesive layer 635 to
a PET film 62 with an ITO layer 61 formed thereon. An
ultraviolet curing adhesive, an epoxy-based adhesive, or other
suitable adhesives may be used for bonding. The thinner the
sealing film 63, the smaller the voltage loss, allowing driving
with reduced voltage.

Example 3

An 1mage display device 80 shown 1n FIG. 11 was manu-
factured. A hollow structure used was one of the hollow
structures 53 (see FIGS. 6 and 4) of Manufacture Examples
1-5, which includes plural cells disposed 1n a plane. Each cell
has opposite openings. In the hollow structure 53, the thick-
ness ol the cell wall was 2 um; the thickness of each of the
upper and lower walls was 1 um; the dept 1 of each cell was 50
um; the cell-to-cell pitch was 150 um; and joint portions of the
upper and lower walls with the cell wall had curved cross-
sectional shapes of a 5 um curvature radius.

In the image display device 80, the lower wall of the hollow
structure 53 1s bonded by an adhesive layer 63a to a voltage
drive circuit 66. An ultraviolet curing adhesive, an epoxy-
based adhesive, or other suitable adhesives may be used for
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bonding. This structure can be obtained by bonding the volt-
age drive circuit 66 onto the hollow structure 53 (see F1G. 7C)

and then separating the hollow structure 53 from the substrate
51.

The cells of the hollow structure 53 are filled with an
clectrophoresis liqud 64, and the openings of the cells are
sealed. The openings may be sealed with a water-soluble resin
which 1s 1nsoluble 1n the electrophoresis liquid 64, such as
polyurethane, gelatin, and polyvinyl alcohol. More specifi-
cally, an aqueous solution containing a water-soluble resin
was applied onto the electrophoresis liquid 64 using a slit
coater and was dried to form a sealing film 635 of a 5 um
thickness.

The sealing film 65 1s bonded by an adhesive layer 635 to
a PET film 62 with an ITO layer 61 formed thereon. An
ultraviolet curing adhesive, an epoxy-based adhesive, or other
suitable adhesives may be used for bonding. The thinner the
sealing film 65, the smaller the voltage loss, allowing driving

with reduced voltage.

Example 4

An 1mage display device 90 shown 1n FIG. 12 was manu-
factured. A hollow structure used was one of the hollow
structures 53 (see FIGS. 6 and 4) of Manufacture Examples
1-5, which includes plural cells disposed 1n a plane. Each cell
has opposite openings. In the hollow structure 33, the thick-
ness ol the cell wall was 2 um; the thickness of each of the
upper and lower walls was 1 um; the depth of each cell was 50
um; the cell-to-cell pitch was 150 um; and joint portions of the
upper and lower walls with the cell wall had curved cross-
sectional shapes of a 5 um curvature radius.

In the image display device 90, the lower wall of the hollow
structure 53 1s bonded by an adhesive layer 63a to a PET film
62 with an ITO layer 61 formed thereon. An ultraviolet curing
adhesive, an epoxy-based adhesive, or other suitable adhe-
stves may be used for bonding. This structure can be obtained
by bonding the PET film 62 with the I'TO layer 61 formed
thereon onto the hollow structure 53 (see FIG. 7C) and then
separating the hollow structure 53 from the substrate 51.

The cells of the hollow structure 53 are filled with an
clectrophoresis liquid 64, and the openings of the cells are
sealed. The openings may be sealed with a water-soluble resin
which 1s msoluble in the electrophoresis liquid 64, such as
polyurethane, gelatin, and polyvinyl alcohol. More specifi-
cally, an aqueous solution containing a water-soluble resin
was applied onto the electrophoresis liquid 64 using a slit
coater and was dried to form a sealing film 635 of a 5 um
thickness.

The sealing film 65 1s bonded to a voltage drive circuit 66
by an adhesive layer 635. An ultraviolet curing adhesive, an
epoxy-based adhesive, or other suitable adhesives may be
used for bonding. The thinner the sealing film 65, the smaller
the voltage loss, allowing driving with reduced voltage.

Retference Example 1

An image display device 90 was manufactured that
includes a hollow structure including cells of 10 mm by 10
mm 1n width and length and 50 mm 1n depth in place of the
hollow structure 53. The 1mage display device 90 was manu-
factured in the same manner as 1n Example 4 except that an
adhesive layer 63a was not provided.

(Evaluation Method and Evaluation Result)

Avoltage of 10V was applied from the voltage drive circuit
66, and the white reflectance, the black reflectance, and the
contrast were measured using an actinometer. Table 1 shows
the examination result.
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TABLE 1

Exam- Exam- Exam- Exam-  Reference

ple 1 ple 2 ple 3 ple 4 Example 1
White 38 38 40 41 43
Reflectance (%)
Black 1 1 1 1 1
Reflectance (%)
Contrast 38 3% 40 41 43
White Reflectance 0.88 0.88 0.93 0.95 1
(Ratio to

Reference Example)

Referring to Table 1, the image display devices of Examples
1-4 had slightly lower white reflectances than the image dis-
play device of Reference Example, which 1s believed due to
the presence of the wall of the hollow structure 53, the sealing
f1lm 63, and/or the adhesive layer 63a/635. The image display
device of Example 4 includes the adhesive layer 63a at the
PET film 62 side, which 1s the only additional component
compared to Reference Example. Therefore, the image dis-
play device of Example 4 showed the smallest reduction of
the white reflectance from the image display device of Ret-
erence Example. It 1s to be noted that the opening ratio of the
cells 1n the hollow structure 53 1s calculated as 0.97 based on
the cell-to-cell pitch (150 um) and the thickness of the cell
wall (2 um).

According to a third embodiment of the present invention,
a display element comprises a hollow structure. The hollow
structure 1ncludes plural cells disposed 1n a plane, each hav-

ing a {irst opening and a second openming respectively in a first
wall and a second wall, opposite to the first wall, of the hollow
structure; and a partition wall separating the adjacent cells. A
solvent having one or more types ol white particles and/or
colored particles dispersed therein 1s disposed 1n the cells.
One of the first wall with the first openings and the second
wall with the second openings 1s connected to a transparent
conductive film. The display element has at least one of the
tollowing characteristics (5)-(8). The openings 1n the other
wall not connected to the transparent conductive film may be
sealed with a resin insoluble 1n the solvent having one or more
types of white particles and/or colored particles dispersed
therein or may be sealed with an electrode.

The display element of the third embodiment preferably
has at least one of the following characteristics (9)-(11).

(9) The thickness of the partition wall (cell wall) separating
the adjacent cells 1s inthe range 01 0.01-10 um, and preferably

in the range of 0.05-5 um.
(10) The thickness of each of the first wall and the second

wall of the hollow structure 1s 1n the range 01 0.01-10 um, and
preferably 1n the range of 0.03-5 um.

(11) A first joint portion of the first wall with the cell wall
and a second joint portion of the second wall with the cell wall
have curved cross-sectional shapes, a curvature radius of each
of which 1s 1 the range of 0.1-50 um, and preferably 1n the
range of 1-10 um. The thicknesses and curvature radi1 are
average values, each obtained by measuring ten or more arbi-
trary portions. The measurement can be done by scanning the
cross section of the display element or the hollow structure
using a scanning electron microscope or other suitable
device.

Examples of a hollow structure that may be used 1n the
third embodiment of the present invention include the above-
described hollow structures 30 of FIG. 5 and the hollow
structures 40 of FIG. 6. A hollow structure that may beused in
the third embodiment of the present invention 1s not limited to
the hollow structure 30 of FIG. 5 and the hollow structure 40
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of FIG. 6. For example, the cells may be of different sizes.
Further, the joint portions may not have curved cross-sec-
tional shapes.

A display element having the characteristic (9) 1s described
below with reference to the hollow structure 40 (a sheet
having a honeycomb structure) of FIG. 6. The thickness of the
cell wall 42 of the hollow structure 40 i1s 1n the range of
0.01-10 um, and preferably 1n the range of 0.03-5 um. With
this configuration, the display element including the hollow
structure 40 can provide improved display properties. This 1s
because reducing the thickness of the cell wall 42, which does
not have a display function, improves reflectance and con-
trast. If the thickness of the cell wall 42 1s less than 0.01 um,
the strength of the hollow structure 40 1s reduced. It the
thickness of the cell wall 42 1s greater than 10 um, the prop-
erties of the display element are reduced 1n terms of retlec-
tance and contrast.

A display element having the characteristic (10) 1s
described below with reference to the hollow structure 40 (a
sheet having a honeycomb structure) of FIG. 6. The thickness
of each of the upper wall 43 and the lower wall 45 of the
hollow structure 40 1s 1n the range of 0.01-10 um, and pref-
erably 1n the range of 0.05-5 um. With this configuration, the
display element including the hollow structure 40 can provide
improved display properties. The upper wall 43 and the lower
wall 45 with such reduced thicknesses provide advantageous
elfects 1 terms of reflectance and drive voltage. If the thick-
ness of the upper wall 43 and the lower wall 45 1s less than
0.01 um, the strength of the hollow structure 40 1s reduced. If
the thickness 1s greater than 10 um, the properties of the
display element are reduced in terms of reflectance and drive
voltage.

A display element having the charactenistic (11) 1s
described below with reference to the hollow structure 40 (a
sheet having a honeycomb structure) of FIG. 6. In the hollow
structure 40, the joint portion 46a and the joint portion 465
have curved cross-sectional shapes, a curvature radius of each
of which 1s 1n the range of 0.1-50 um, and preferably in the
range of 1-10 um. With this configuration, the display element
including the hollow structure 40 can provide improved dis-
play properties and strength. Thus, the display element can
exhibit sullicient strength even when bent for use. That 1s, the
provision of the joint portions 46a and 465 having a greater
thickness than the cell wall 42 can improve the strength of the
display element. If the curvature radius 1s less than 0.1 um, the
strength of the display element 1s suilficient to tolerate being
slightly bent, but not suilicient to tolerate being rolled up. It
the curvature radius 1s greater than 50 um, the display prop-
erties are reduced, especially 1n terms of reflectance.

According to the third embodiment of the present inven-
tion, 1n the case where the openings in the wall not connected
to the transparent conductive film are sealed with a resin as
described above, the resin with which the opemings are sealed
1s preferably a film, the thickness of which 1s 1n the range of
0.1-10 um, and preferably 1n the range of 0.5-5 um.

A display element having this characteristic 1s described
below with reference to the hollow structure 40 (a sheet
having a honeycomb structure) of FIG. 6. In the hollow struc-
ture 40, a solvent having one or more types of white particles/
colored particles dispersed therein 1s disposed 1n the cells 41.
The openings 44a or the openings 445 of the cells 41 are
sealed with a resin 1nsoluble in the solvent. The resin with
which the openings 44a or the openings 445 are sealed 1s a
{1lm, the thickness of which 1s 1n the range 01 0.1-10 um, and
preferably 1n the range of 0.5-5 um. With this configuration,
the display element including the hollow structure 40 can
provide improved display properties and strength. The resin
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film with such a reduced thickness provides advantageous
elfects 1n terms of reflectance and drive voltage. If the film
thickness 1s less than 0.1 um, the strength of the hollow
structure 40 1s reduced. It the film thickness 1s greater than 10
um, the properties of the display element are reduced 1n terms
of reflectance and drive voltage.

FIGS. 13A-13D illustrate an example of a manufacturing
method of a hollow structure 133 that may be used 1n the third
embodiment of the present invention. To manufacture the
hollow structure 133, a substrate 131 i1s used that includes
plural independent cavities 131a each having a narrow open-

ing 1315 (see FIG. 13 A). First, a plastic film 132 1s formed on

the substrate 131 using a slit coater or other suitable device
(see FIG. 13B). A ventilation space may be provided at the

side of the plastic film 132 so as to dry the plastic film 132.
Then, the substrate 131 with the plastic film 132 formed
thereon 1s placed 1n a vacuum chamber or the like. The pres-
sure 15 reduced at least at the side of the plastic film 132 to
cause the air 1n the cavities 131a to expand. Since the cavities
131a are sealed with the plastic film 132, the plastic film 132
1s deformed (stretched) due to the expansion of the air, so that
an mtermediate 133 1s formed on the substrate 131 (see FIG.
13C). Finally, the intermediate 133 1s separated from the
substrate 131, so that the intermediate 133 with openings 1n
the upper wall 1s obtained (see FIG. 13D). If the cavities 131a
of the substrate 131 are arranged 1n a tetragonal lattice (see
FIG. 14A), the intermediate 133 1s obtained that includes
square-prism-shaped cells arranged 1n a tetragonal lattice (see
FIG. 15A). If the cavities 131a of the substrate 131 are
arranged 1n a hexagonal close-packed lattice (see FI1G. 14B),
the intermediate 133 1s obtained that includes hexagonal-
prism-shaped cells arranged 1n a hexagonal close-packed lat-
tice (see FI1G. 15B).

A depth d of the cells of the mtermediate 133 may be
properly controlled by the vacuum level of the reduced pres-
sure. Specifically, when 1n a high vacuum, the expansion of
the air inside the cavities 131a 1s large, so that the depth d 1s
great. When 1n a low vacuum, the expansion of the air inside
the cavities 131a 1s small, so that the depth d 1s small. In the
case where the vacuum level 1s further increased to increase
the expansion of the air inside the cavities 131a, ceiling
portions 133q of the intermediate 133 become thinner, even-
tually forming openings in the ceiling portions 133a. Thus,
the hollow structure 133 1s obtained that includes plural cells
disposed 1n a plane, each having an opening in the upper wall
and an opeming in the lower wall (see FIGS. 16 A and 16B).
FIG. 16 A shows the hollow structure 133 including square-
prism-shaped cells arranged 1n a tetragonal lattice, and FIG.
16B shows the hollow structure 133 including hexagonal-
prism-shaped cells arranged 1n a hexagonal close-packed lat-
tice.

A depth d of the cells of the intermediate 133 may be
properly controlled by the vacuum level of the reduced pres-
sure. Specifically, when m a high vacuum, the expansion of
the air inside the cavities S1a 1s large, so that the depth d 1s
great. When 1n a low vacuum, the expansion of the air inside
the cavities 51a 1s small, so that the depth d 1s small. In the
case where the vacuum 1s further increased to increase the
expansion of the air inside the cavities 1314, ceiling portions
133a of the mtermediate 133 become thinner, eventually
forming opemings in the ceiling portions 133a. Thus, the
hollow structure 133 1s obtained that includes plural cells
disposed 1n a plane, each having an opening in the upper wall
and an openming in the lower wall (see FIGS. 16 A and 16B).
FIG. 16 A shows the hollow structure 133 including square-
prism-shaped cells arranged 1n a tetragonal lattice, and FIG.




US 7,936,498 B2

17

16B shows the hollow structure 133 including hexagonal-
prism-shaped cells arranged 1n a hexagonal close-packed lat-
tice.

Examples of the substrate 131 may include a nickel sub-
strate, a s1licon substrate, a glass substrate with a resist pattern
thereon, a copper clad board (copper/polyimide laminate sub-
strate), an etched glass substrate, and a resin substrate made of
polyimide, PTE, or acrylic resin. The cavities 131a of the
substrate 131 are preferably subjected to hydrophobic treat-
ment 1n order to prevent penetration of the solution containing,
the plastic matenal.

The thicknesses of the cell wall, the upper wall, and the
lower wall, and the curvature radi1 of curved cross-sectional
shapes of the joint portions of the upper and lower walls with
the cell wall of the mntermediate 133 can be controlled by the
thickness and the material of the plastic film 132 and the
reduced pressure condition (pressure level). The thinner the
plastic film 132, the lower the thickness of the walls, and the
lower the curvature radius of the joint portions. The lower the
pressure, the greater the thickness of the walls, and the lower
the curvature radius of the joint portions. The lower the vis-
cosity of the plastic film 132, the lower the thickness of the
walls, and the lower the curvature radius of the joint portions.

According to an embodiment of the present invention, the
openings 1n the lower wall of the intermediate 133 may be
tormed by other than the above-described method, such as by
mechanically partially removing the lower wall. It the inter-
mediate 133 1s soluble 1n water, the openings may be formed
by dissolving the intermediate 133 1n water. In the case of
mechanically partially removing the lower wall, an adhesive
tape 1s applied to the lower wall of the intermediate 133. Then
the adhesive tape 1s removed to shear the lower wall, thereby
forming the openings. In the case of dissolving the lower wall
in water, water 1s deposited on the lower wall by dew conden-
sation, steam, or spraying of water drops. Alternatively, water
or the like diluted with a solvent such as ethanol may be
deposited on the lower wall to cause the lower wall to shrink,
thereby forming the openings. The opemings are formed 1n the
lower wall of the mtermediate 133 by one of the above-
described methods, so that the hollow structure 133 that may
be used 1n the third embodiment of the present invention 1s
obtained.

The cell wall, the upper wall, and the lower wall of the
hollow structure (the intermediate) 133 are formed utilizing
the surface tension of the plastic material. That 1s, 1t 1s pos-
sible to reduce the thickness of the walls of the hollow struc-
ture 133 compared to a hollow structure formed by microem-
bossing or imagewise exposure. It 1s difficult to achieve the
shape of the hollow structure (intermediate) 133 by using
microembossing or 1magewise exposure.

An 1mage display device according to an embodiment of
the present invention may include a display unait, the display
unit including the display element of the third embodiment
and a drive element for applying a voltage to the display
clement. The image display device may use the display ele-
ment of the third element 1n which the openings in the wall not
connected to the transparent conductive film are sealed with
the drive element in place of an electrode or a resin. An 1image
display system according to an embodiment of the present
invention includes systems using the above-described image
display device, such as an electronic book, an advertisement
display system, a timetable system, and recycled paper.

A display device of the third embodiment of the present
invention includes a hollow structure composite 1n which one
of the walls of a hollow structure with openings 1s connected
to a transparent conductive film. Such a hollow structure
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composite can be manufactured using a hollow structure
composite manufacturing method according to an embodi-
ment of the present invention.

According to an embodiment of the present 1invention, a
hollow structure composite manufacturing method includes a
step of forming a plastic first film on a surface of a substrate,
in which plural independent cavities are formed, to enclose
the cavities; a step of forming a second film on a surface,
opposite to the surface at the side of the substrate, of the first
f1lm; a step of stretching the first film by expanding air 1n the
cavities; and a step of bonding the first film and the second
film together by curing the stretched first film. The first film
preferably contains a light curing material such that the first
film can be cured by light 1rradiation. The second film pret-
erably transmits the light that cures the first film such that the
first film can be cured by emitting light over the second film.
The hollow structure composite formed on the substrate can
be separated from the substrate for use.

According to another embodiment of the present invention,
a hollow structure composite manufacturing method includes
a step of forming a plastic first {ilm on a surface of a substrate,
in which plural independent cavities are formed, to enclose
the cavities; a step of stretching the first film by expanding air
in the cavities; a step of depositing a solvent, 1n which the first
f1lm 1s soluble or swellable, on a second film; a step of bring-
ing the first film 1nto contact with the solvent on the second
f1lm; and a step of bonding the first film and the second film
together by removing the solvent. The hollow structure com-
posite formed on the substrate can be separated from the
substrate for use. The first and second films may be bonded
together after partially removing the stretched first film and
forming openings. In the case of partially removing the first
film, the above-described mechanically removing method
may be used for forming openings. If the first film 1s soluble
in water, the above-described method of dissolving 1n water
may be used for forming openings. The first film may be
bonded to the second by being carried by a carrier after being
separated from the substrate.

The hollow structure composite that can be manufactured
in this way includes a hollow structure. The hollow structure
includes plural cells disposed 1n a plane, each having a first
opening and a second opening respectively 1n a first wall and
a second wall, opposite to the first wall, of the hollow struc-
ture. One of the first wall with the first opemings and the
second wall with the second openings 1s connected to a pre-
determined member. The shape and the material of the mem-
ber to which one of the first wall and the second wall 1s
connected 1s not especially limited so long as the one of the
first wall and the second wall can be connected to the member.
The hollow structure composite may include fluid in the cells.
The fluid 15 not especially limited so long as the fluid does not
dissolve the hollow structure and the member connected to
one of the first wall and the second wall.

Examples
Manufacture of Intermediate

An intermediate 133 was manufactured using the hollow
structure manufacturing method of FIGS. 13A-13D. First, as
a plastic material, an aqueous solution containing 5-30 wt %
of gelatin MC-243 (Jellice Co., Ltd.) was applied onto a
substrate 131 using a slit coater to form a plastic film 132.
Then the substrate 131 with the plastic film 132 formed
thereon was placed 1n a vacuum chamber, and the pressure in
the vacuum chamber was reduced to expand the air inside the
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cavities. The residual moisture 1n gelatin was evaporated 1n a
vacuum to completely dry and cure the plastic film 132.

Thus the itermediate 133 (see FIG. 17) was obtained in
which a thickness h of the cell wall was 1in the range from 0.01
to 5 um; a thickness 1 of the upper wall was 1n the range from
0.01 to 2 um; a length j of a side of each opening was 140 um;
and a joint portion of the upper wall with the cell wall had a
curved cross-sectional shape having a curvature radius 1n the
range from 0.1 to 20 um.

Example 5

A sealing block 142 for sealing openings of an intermedi-
ate 133 was placed 1n a humiditying container 141 maintained
at a temperature of 30° C. and a humidity in the range of
80-99%. Then an intermediate 133 was placed on the sealing
block 142 1n the humiditying container 141 (see FIG. 18A).
The temperature of the intermediate 133 needs to be lower
than that of the humiditying container 141. In this example,
the temperature of the mtermediate 133 was set to 20° C.
Because the temperature had lower temperature than the
humidifying container 141, water drops 143 were formed on
the intermediate 133 as a result of dew condensation. It 1s to
be noted that because the openings of the intermediate 133 are
sealed, dew condensation does not occur inside the interme-
diate 133. Ceiling portions 133q of the intermediate 133 with
dew condensation were dissolved in the water drops 143.
Because the intermediate 133 1s formed by being stretched by
air pressure, gelatin molecules are aligned parallel to the
horizontal direction, generating internal stress. The dissolu-
tion of the ceiling portions 133a resulted 1n loss of rigidity,
which resulted in shrinkage due to surface tension, so that
openings were formed (see FIG. 18B). Specifically, each
opening was formed from the center of the ceiling portion
133a at which the thickness 1s smaller. Thus a hollow struc-
ture 144 (see FIG. 16) was formed (see FIG. 18C). When
desired shapes of openings were formed by a predetermined
time period of dew condensation, the hollow structure 144
was removed from the humidifying container 141 and was
dried. In this way, the hollow structure 144 was obtained 1n
which the thickness of the lower wall was 1n the range of
0.01-2 um; and a joint portion of the lower wall with the cell
wall had a curved cross-sectional shape of a curvature radius
in the range of 0.1-20 um.

The thinner the ceiling portions 1334 of the mtermediate,
the less the time required for forming the openings. For
example, when the thickness of the celling portions 133a was
0.05 um, the time required for forming the openings was 20
seconds. The opening surface of the hollow structure 144 was
smoother than that of Example 6 (described below).

Then, a transparent-conductive-applied-film 151 of 20° C.
was placed in the humiditying container 141 maintained at a
temperature o1 30° C. and a humidity 1n the range o1 80-99%.
When a suitable amount of water drops 143 were formed as a
result of dew condensation, the hollow structure 144 was
placed 1n the humidifying container 141 (see FIG. 19A).
Because the temperature of the hollow structure 144 needs to
be higher than that of the humidifying container 141 1n order
to prevent dew condensation thereon, the temperature of the
hollow structure 144 was set to 50° C. The transparent-con-
ductive-applied-film 151 includes a transparent PET film and
a transparent ITO (Indium Tin Oxide) layer formed on the
PET film by sputtering or other techniques. After one of the
walls, each having openings, of the hollow structure 144 was
brought into contact with the ITO layer of the transparent-
conductive-applied-film 151, the hollow structure 144 with
the transparent-conductive-applied-film 151 was removed
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from the humidifying container 141 and was dried. Thus a
hollow structure composite 152 was obtained (see FIG. 19B).
The hollow structure 144 and the transparent-conductive-
applied-film 151 are connected to each other without inter-
posing an adhesive layer therebetween, but the interfacial
surfaces are in tight contact, resulting in substantially high

bonding strength. It 1s to be noted that the transparent-con-
ductive-applied-film 151 may be connected to either one of

the two walls, each having opemings, of the hollow structure
144.

Example 6

An adhesive tape was applied to celling portions 133q of an
intermediate 133 (see FIG. 13C) formed on a substrate 131.
Then the adhesive tape was removed to shear the ceiling
portions 133a, so that openings were formed. Thus a hollow
structure (see FIG. 16) was formed on the substrate 131. The
hollow structure was then removed from the substrate 131. In
this way, the hollow structure 144 was obtained in which the
thickness of the lower wall was 1n the range 01 0.01-2 um; and
a j01nt portion of the lower wall with the cell wall had a curved
cross-sectional shape of a curvature radius 1n the range of
0.1-20 um.

Then, 1n the same manner as 1 Example 5, the hollow
structure was connected to a transparent-conductive-applied-
f1lm, so that a hollow structure composite was manufactured.

Example 7

A transparent-conductive-applied-film 151 of 20° C. was
placed 1n the humiditying container 141 maintained at a tem-
perature of 30° C. and a humidity 1n the range of 80-99%.
When a suitable amount of water drops 143 were formed as a
result of dew condensation, an intermediate 133 was placed in
the humidilying container 141 (see FIG. 20A). Because the
temperature of the intermediate 133 needs to be higher than
that of the humidifying container 141 in order to prevent dew
condensation thereon, the temperature of the intermediate
133 was set to 50° C. After a wall of the hollow structure 133
not having openings was brought into contact with an I'TO
layer of the transparent-conductive-applied-film 151, the hol-
low structure 144 with the transparent-conductive-applied-
film 151 was removed from the humiditying container 141
and was dried. Thus a hollow structure composite 152 was
obtained (see FIG. 20B). Thus, the process of forming a
hollow structure 144 (see FIG. 16) with openings in the upper
wall and lower wall and the process of connecting the hollow
structure 144 to the transparent-conductive-applied-film 151
could be performed at the same time. It was therefore possible
to reduce the number of processing steps, facility cost, and
cost for machining time. It 1s to be noted that when the
intermediate 133 came 1nto contact with the transparent-con-
ductive-applied-film 151, openings were formed 1n the ceil-
ing portions 133a of the intermediate 133 due to shrinkage 1n
the same manner as in Example 5. In this way, the hollow
structure composite 152 was obtained in which the thickness
of the lower wall was 1n the range of 0.01-2 um; and a joint
portion of the lower wall with the cell wall had a curved

cross-sectional shape of a curvature radius 1n the range of
0.1-20 um.

Example 8

A hollow structure composite was manufactured using a
part of the hollow structure manufacturing method of FIGS.
13A-13D. First, a fluorochemical surfactant Novec FC-4430
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(3M Company) was added to an epoxy acrylate AQ9 (Ar-
akawa Chemical Industries, Ltd.) for reducing the surface
tension of the epoxy acrylate, thereby preparing a plastic
material. Then, a solution containing the plastic material was
applied onto a substrate 131, which includes plural indepen-
dent cavities 1314, to form a plastic film 132. An ITO layver,
1.e., an ultraviolet-transmitting-transparent-conductive-ap-
plied-film 151 1s disposed on the plastic film 132. Then, the
substrate 131 was placed 1n a pressure control system 161,
and the pressure in the pressure control system 161 was
reduced to expand the air inside the cavities 131a. When the
vacuum level reached 50 kPa, ultraviolet rays were irradiated
to cure the epoxy acrylate (see FIG. 21A). Thus, the process
of forming a hollow structure 144 (see F1G. 16) with openings
in the upper wall and lower wall and the process of connecting
the hollow structure 144 to the transparent-conductive-ap-
plied-film 151 could be performed at the same time. It was
therefore possible to reduce the number of processing steps,
tacility cost, and cost for machining time.

In this way, the hollow structure composite 152 (see FIG.
21B) was obtained 1n which a thickness h of the cell wall was
in the range from 0.01 to 5 um; a thickness 1 of the upper wall
and a thickness 1, of the lower wall were 1n the range from
0.01 to 2 um; a length j of a side of each opening was 140 um;
and joint portions of the upper and lower walls with the cell
wall had curved cross-sectional shapes each having a curva-
ture radius 1n the range from 0.1 to 5 um.

Example 9

A hollow structure composite 152 was used that includes a
hollow structure 144 (see FIG. 16B) and a transparent-con-
ductive-applied-film 151 connected to the hollow structure
144. In the hollow structure 144, a thickness of the cell wall 1s
2 um; a thickness 1, of the upper wall and a thickness 1, of the
lower wall are 1 um; a length 1 of a side of each opening 1s 140
um; the depth of each cell 1s 50 um; the cell-to-cell pitch 1s 150
uwm; and joint portions of the upper and lower walls with the
cell wall have curved cross-sectional shapes each having a 5
um curvature radius. The transparent-conductive-applied-
film 151 includes an ITO layer, which 1s a transparent com-
mon electrode, and a transparent PET film for transmitting,
images to be displayed and protecting an electrophoresis
liquad 171.

The electrophoresis liquid 171 containing colored par-
ticles, which move in response to 1image display signals (volt-
age, current, etc.), was injected into the cells in the hollow
structure composite 152. Then, an aqueous solution contain-
ing gelatin M(C-243 (Jellice Co., Ltd.) was applied onto the
clectrophoresis liquid 174 using a slit coater and was dried to
form a sealing film 172 of a 5 um thickness (see F1G. 22A). In
place of gelatin, the openings may be sealed with a resin
soluble 1n water but not soluble 1n an electrophoresis liquid
164, such as polyurethane, and polyvinyl alcohol. As a
method of applying the solution, methods other than slit
coating may be used such as spin coating and curtain coating.
Then, an epoxy resin was applied onto the sealing film 172
using a slit coater to form an adhesive layer 173. After that, an
clectrode 174 was connected to the sealing film 172 through
the adhesive layer 173. Thus a display element 175 was
obtained (see FI1G. 22B). As a material for forming the adhe-
stve layer 173, materials other than epoxy resin may be used
such as ultraviolet curing adhesive and hot-melt adhesive. As
a method of applying the epoxy resin, methods other than slit

coating may be used such as spin coating and curtain coating.

Example 10

An 1mage display device 182 (FIG. 23) was manufactured
in the same manner as 1n Example 9 except that a voltage drive
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circuit 181 for sending 1image display signals to the display
clement was used 1n place of the electrode 174. A hollow
structure composite 152 used was the hollow structure com-
posite of Example 7.

A voltage of 10V was applied from the voltage drive circuit
181 to the display element, and the white retlectance, the
black reflectance, and the contrast were measured using an
actinometer. The display properties obtained were a white
reflectance of 42%, a black reflectance ot 1%, and a contrast
of 42, which are as good as those of below-described Refer-
ence Example 2. When the image display device 182 was bent
to a curvature of 200 mm, fracture of the hollow structure 144

and separation of the transparent-conductive-applied-film
151 did not occur.

Example 11

An 1mage display device was manufactured in the same
manner as 1 Example 10 except that the hollow structure
composite of Example 8 was used.

A voltage o 10V was applied from the voltage drive circuit
181 to the display element, and the white reflectance, the
black retlectance, and the contrast were measured using an
actinometer. The display properties obtained were a white
reflectance of 42%, a black reflectance ot 1%, and a contrast
of 42, which are as good as those of below-described Refer-
ence Example 2. When the image display device was bent to

a curvature of 200 mm, fracture of the hollow structure 144

and separation of the transparent-conductive-applied-film
151 did not occur.

Example 12

A hollow structure composite 152 was used that includes a
hollow structure 144 (see FIG. 16B) and a transparent-con-
ductive-applied-film 151 connected to the hollow structure
144. In the hollow structure 144, a thickness of the cell wall 1s
2 um; a thickness 1, of the upper wall and a thickness 1, of the
lower wall are 1 um; a length j of a side of each opening 1s 140
um; the depth of each cell 1s 50 um; the cell-to-cell pitch 1s 150
wm; and joint portions of the upper and lower walls with the
cell wall have curved cross-sectional shapes each having a 5
um curvature radius. The transparent-conductive-applied-
film 151 includes an ITO layer, which 1s a transparent com-
mon electrode, and a transparent PET film for transmitting,
images to be displayed and protecting an electrophoresis
liquad 171.

An epoxy resin was applied onto the upper wall of the
hollow structure composite 152 using a slit coater to form an
adhesive layer 173 (see FIG. 24A). Then, an electrophoresis
liguid 171 containing colored particles, which move 1n
response to 1mage display signals (voltage, current, etc.), was
injected into the cells (see FIG. 24B). As a matenal for form-
ing the adhesive layer 173, materials other than epoxy resin
may be used such as ultraviolet curing adhesive and hot-melt
adhesive. As a method of applying the epoxy resin, methods
other than slit coating may be used such as spin coating and
curtain coating. Then, an electrode 174 was bonded to the
hollow structure 144 through the adhesive layer 173. Thus a
display element 1735 was obtained (FIG. 24C).

Example 13

An 1mage display device 182 (FIG. 25) was manuiactured
in the same manner as 1n Example 9 except that a voltage drive
circuit 181 for sending 1mage display signals to the display
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clement was used 1n place of the electrode 174 (see FIG. 25).
A hollow structure composite 152 used was the hollow struc-
ture composite ol Example 7.

Avoltage of 10V was applied from the voltage drive circuit
181 to the display element, and the white reflectance, the
black reflectance, and the contrast were measured using an
actinometer. The display properties obtained were a white
reflectance of 42%, a black reflectance of 1%, and a contrast
of 42, which are as good as those of below-described Refer-
ence Example 2. When the image display device 182 was bent
to a curvature of 200 mm, fracture of the hollow structure 144
and separation of the transparent-conductive-applied-film
151 did not occur.

Reterence Example 2

An 1mage display device was manufactured in the same
manner as 1 Example 10 except that a hollow structure
including cells of 10 mm by 10 mm in width and length and 50
mm 1n depth was used 1n place of the hollow structure 144.

Avoltage of 10V was applied from the voltage drive circuit
181 to the display element, and the white retlectance, the
black reflectance, and the contrast were measured using an
actinometer. The display properties obtained were a white
reflectance of 43%, a black reflectance of 1%, and a contrast
ol 43.

The present application 1s based on Japanese Priority
Applications No. 2007-059114 and No. 2007-059115, both
filed on Mar. 8, 2007, with the Japanese Patent Office, the
entire contents of which are hereby incorporated by refer-
ence.

The mvention claimed 1s:

1. A display element comprising;:

a hollow structure including plural cells disposed n a
plane, each having an opening in a first wall of the
hollow structure; and a partition wall separating the
adjacent cells;

a solvent disposed 1n the cells, the solvent having one or
more types of white particles and/or colored particles
dispersed therein;

wherein the openings are sealed with a resin isoluble 1n
the solvent;

wherein a thickness of the partition wall separating the
adjacent cells 1s 0.01 um or greater but not greater than
10 um; and

wherein a {irst joint portion of the first wall with the parti-
tion wall and a second joint portion of a second wall with
the partition wall have curved cross-sectional shapes, a
curvature radius of each of which 1s 0.1 um or greater but
not greater than 50 um.

2. The display element as claimed in claim 1, wherein a
thickness of the first wall and/or a second wall, opposite to the
first wall, 1s 0.01 um or greater but not greater than 10 um.

3. A display element comprising:

a hollow structure including plural cells disposed in a
plane, each having an opening in a first wall of the
hollow structure; and a partition wall separating the
adjacent cells;

a solvent disposed in the cells, the solvent having one or
more types of white particles and/or colored particles
dispersed therein;

wherein the openings are sealed with a resin 1nsoluble 1n
the solvent; and

wherein a first joint portion of the first wall with the parti-
tion wall and a second joint portion of a second wall,
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opposite to the first wall, with the partition wall have
curved cross-sectional shapes, a curvature radius of each
of which 1s 0.1 um or greater but not greater than 50 um.

4. The display element as claimed 1n claim 3, wherein the
hollow structure 1s made of a material obtained by drying a
plastic material.

5. The display element as claimed 1n claim 4, wherein the
plastic maternal contains a water-soluble resin.

6. The display element as claimed 1n claim 3, wherein the
hollow structure 1s made of a maternial obtained by curing a
plastic material by ultraviolet 1irradiation.

7. An 1mage display device comprising:

the display element of claim 1; and

a unit that applies a voltage to the display element.

8. The display element as claimed 1n claim 3, wherein the
hollow structure 1s made of a material obtained by drying a
plastic material.

9. The display element as claimed 1n claim 8, wherein the
plastic material contains a water-soluble resin.

10. The display element as claimed 1n claim 3, wherein the
hollow structure 1s made of a maternial obtained by curing a
plastic material by ultraviolet 1irradiation.

11. An image display device comprising:

the display element of claim 3; and

a unit that applies a voltage to the display element.

12. A display element comprising:

a hollow structure including plural cells disposed 1n a
plane, each having an opening in a first wall of the
hollow structure; and a partition wall separating the
adjacent cells;

a solvent disposed 1n the cells, the solvent having one or
more types of white particles and/or colored particles
dispersed therein;

wherein the openings are sealed with a resin msoluble 1n
the solvent;

wherein the resin 1s a film, a thickness of which1s 0.1 um or
greater but not greater than 10 um; and

wherein a first joint portion of the first wall with the parti-
tion wall and a second joint portion of a second wall with
the partition wall have curved cross-sectional shapes, a
curvature radius of each of which 1s 0.1 um or greater but
not greater than 50 um.

13. The display element as claimed 1n claim 12, wherein
the hollow structure 1s made of a material obtained by drying
a plastic matenal.

14. The display element as claimed 1n claim 13, wherein
the plastic material contains a water-soluble resin.

15. The display element as claimed 1n claim 12, wherein
the hollow structure 1s made of a material obtained by curing
a plastic material by ultraviolet irradiation.

16. An image display device comprising:

the display element of claim 12; and

a unit that applies a voltage to the display element.

17. The display element as claimed 1n claim 1, wherein at
least two of the cells are different 1n size.

18. The display element as claimed 1n claim 1, wherein at
least two of the cells are different 1n shape.

19. The display element as claimed 1n claim 3, wherein at
least two of the cells are different 1n size.

20. The display element as claimed 1n claim 3, wherein at
least two of the cells are different 1n shape.
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